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Temperature drops

Symmetry 
Restoration

?

1st order from BSM

Hindmarsh, et al, 2015

• Modified Higgs potential (Higgs physics, GW)

• Extra CP-violation (EDM, LHC)

• New particles, symmetries (LHC, GW)

Electroweak Baryogenesis

Morrissey, Ramsey-Musolf,   NJP[1206.2942]





HG, Yang Xiao, ... [2410.23666]

HG, Sinha, Vagie, White, JCAP [2007.08537]
(RD)

bubble collision

Hindmarsh, et al (2013)

sound waves

home.mpcdf.mpg.de

MHD

Chiara Caprini et al JCAP [1512.06239]
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Reduces to Ellis, et al, JCAP [2003.07360]
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Hubble size: 1/H*

(causality)

Cai, Pi, Sasak, PRD [1909.13728]

LIGO

ligo.caltech.eduTaiji LISA, Taiji, Tianqin中国脉冲星测时阵列（CPTA）

nHz (~100MeV) QCD scale ~mHz : (~100GeV) weak scale ~100Hz (~PeV - EeV)  high scale

~100-1000



Ghosh,HG,Han,Liu, JHEP [2012.09758]Snowmass 2021 White papers
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BSM
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Particle Physics Model
Phase Transition 

ParametersGravitational Wave SpectrumLIGO, LISA/Taiji/Tianqin, PTA, ...

this way



•  Set limits when signal is absent

•  Parameter estimation when signal is discovered

 What is the precise shape of the signal spectrum?

 What are the values of alpha, beta, vw, T*, etc?

 What is the underlying particle physics model?

 What are the values of the model parameters?
 Can we infer properties of Higgs?
 What does this imply for collider experiments?

 ...
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Ruan, Liu, Guo, Wu, Cai, Nature Astron [2002.03603]

Stochastic GW detection in space:

• With a single detector (this work)

• With a detector network (standard cross correlation method, LIGO)

Gowling, Hindmarsh, Hooper, Torrado, JCAP [2209.13551]
Gowling, Hindmarsh, JCAP [2106.05984]
Boileau, et al, JCAP [2209.13277]
Lewicki, et al, PRD [2403.03769]
Caprini, et al, JCAP [2403.03723]

Studies on PT detection in space:

Cosmo SGB detectable down to

Boileau et al, MNRAS [2105.04283]
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3 streams of data (orthogonal TDI channels)

TDI: time-delay interferometry
Tinto, Dhurandhar, LRR, 2021
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Idealized scenario:
2 noise parameters: Nacc, δx  
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astrophysical background
cosmological background (PT, etc)

The core of the statistical analysis: likelihood

both signal and noise behave as random variables
A channel

Bayesian framework
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Simplified SW spectrum with no parameter degeneracy

MCMC interval used to select 
points in parameter space

points from scan of xSM, 
evading physical constraints

Sampling posterior with MCMC



Points survive pheno constraints.

Alves, Ghosh, HG, Sinha, Vagie, JHEP [1812.09333]

Barger, Langacker, McCaskey, Ramsey-Musolf, Shaughnessy, 
PRD [0706.4311]

13



Di Vita, et al, JHEP [1711.03978]

Caveat: theoretical uncertainties neglected, idealized detector configuration
All scan points (blue) from Alves, Ghosh, HG, Sinha, Vagie, JHEP[1812.09333]
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 Simulation based study conducted for detection of GW from EWPT

 Bayesian parameter estimation performed with MCMC sampling

 Higgs self-couplings measurement done, though under idealized conditions




